Azadirachta indica A. Juss (N.O. Meliaceae), popularly known, as 'Neem' is an indigenous tree widely available in India. Almost every part of the tree has long been used in Unani system of medicine for the treatment of a variety of human ailments. The flowers have been mentioned as a remedy useful in controlling diabetes mellitus. The present study had been designed to investigate the hypoglycemic/anti-hyperglycemic effects of the methanolic extract of the flowers of A. indica (Gule-Neem) and its different fractions on normal, glucose fed hyperglycemic, adrenaline induced hyperglycemic and alloxan induced diabetic rats. The methanolic extract was resolved into water soluble and water insoluble fractions. Water soluble portion of the methanolic extract was found to possess significant blood sugar lowering effect in glucose-fed and adrenaline-induced hyperglycemic rats but it did not show such effect in normal and alloxan induced mild and severe diabetic rats. Water-soluble portion was fractionated by employing the polarity criterion with ethyl acetate and butanol. The ethyl acetate fraction was further fractionated into phenolic and non-phenolic fractions. Hypoglycemic effect of these fractions was also evaluated. The results suggest that the flowers of A. indica contain at least two different constituents, responsible for the said activity. These investigations validate the use of flowers of A. indica in diabetes by Unani physicians.
INTRODUCTION
The tree Azadirachta indica A Juss (N.O. Meliaceae), popularly known as 'Neem', is an indigenous plant widely available in India. Almost every part of the tree has long been used in Unani system of medicine for the treatment of a variety of human ailments (Rahman and Jairajpuri, 1996) . Flowers have been mentioned as a remedy useful in getting rid of intestinal worms, bile, phlegm, boils and bilious fever. Gargling of decoction of the flowers provides strength to gums and teeth. The flowers of this plant are valued for ophthalmic use also. Classical literature survey revealed that only the flowering part of this plant is reputed for controlling diabetes mellitus (Azam, 1899; Ghani, 1920) .
There are several reports on this plant to have various biological activities (Biswas et al., 2002) . Relevant literature reveals that a significant hypoglycemic activity was observed by oral administration of aqueous extract of tender leaves in fasting rabbits and rats and, of a lesser magnitude in guinea pigs (Luscombe and Taha, 1974) . Intravenous administration of aqueous extract of the Neem leaves resulted in significant decrease in blood glucose levels in both normoglycemic and adrenaline induced hyperglycemic dogs (Murty et al., 1978) . It has been reported that the extract obtained by the extraction of Neem leaves with boiling water exhibited a significant hypoglycemic activity in streptozotocin (Chakraborty and Poddar, 1984) , alloxan induced diabetic (El-Hawary, 1990) and normal rats (Chakraborty et al., 1989; El-Hawary, 1990 ) while water soluble portion of the alcoholic extract of the leaves was found failed to possess such type of effect in normal and streptozotocininduced diabetic rats. However it showed significant blood sugar lowering effect in glucose-fed and adrenaline-induced hyperglycemic rats (Chattopadhyay et al., 1987) . It was suggested that the blood sugar lowering effect might be due to its antiserotonin activity and insulin releasing pancreatic effect (Chattopadhyay, 1993 (Chattopadhyay, , 1996 (Chattopadhyay, , 1999 Chattopadhyay et al., 1993a,b) . A moderate hypoglycemic activity was observed by administering the leaves extract to streptozotocin-induced diabetic rabbits (Santoshkumari and Devi, 1990) . Kaushik et al. (1999) reported that the administration of the alcoholic extract of Neem in a single oral dose for four weeks to alloxan induced diabetic rabbits improved the blood glucose level and lipid profile significantly. Aqueous extract of fresh leaves reversed diabetic retinopathy in streptozotocininduced diabetic rats (Hussain, 2002) . A significant hypoglycemic activity was observed by feeding the seed oil in a dose of 2.5 ml/kg or nimbidin (200 mg/kg) to the fasting rabbits. In glucose tolerance test, 1 ml of Neem leaf decoction (prepared by boiling 10 g dried leaves in 100 ml of water), 2.5 ml of its seed oil, and 200 mg of nimbidin each significantly delayed the peak rise in blood sugar after glucose administration. Both the oil and nimbidin were half as potent as tolbutamide (Pillai and Santhakumari, 1981) . Neem oil was found to possess significant blood glucose lowering effect in adrenaline-induced hyperglycemic rats and, glucosefed hyperglycemic, alloxan-induced diabetic and normal rabbits (Sharma, et al., 1983) . The petroleum ether extract of Neem seed produced significant blood glucose lowering activity in normal as well as alloxan-induced (mild and severe) diabetic rats after 3 h and 6 h. The decrease in blood glucose level was more pronounced in the mild hyperglycemic rats (Dixit et al., 1986 ). An intraperitoneal injection of 20 mg/kg of Neem seed oil in intact mice resulted in decrease in blood sugar level. However, the decrease was more pronounced in streptozotocin-induced diabetic mice (Purohit et al., 1990) . The administration of Neem kernel powder significantly decreased the concentration of blood glucose of alloxan induced diabetic rabbits (Bopanna et al., 1997) . Recently it has been reported that petroleum ether extracts of kernel and husk prevent oxidative stress caused by streptozotocin in adult male Wistar rats' heart and erythrocytes (Gupta, et al., 2004) .
The flowers of Azadirachta indica have been reported to contain myricetin, quercetin, kaempferol, melicitrin (myricetin-3-L-arabinoside), quercetin-3-galactoside and kaempferol-3-glucoside (Subramanian and Nair, 1972) . Other constituents such as cholesterol (Siddiqui et al., 1986a) , stigmasterol (Siddiqui et al., 1986b) and Neeflone (Nanduri and Banstola, 1995) were discovered. A report on the analysis of essential oil is also available (Subramanian and Rangaswamy, 1947) .
The present study has been designed to investigate the hypoglycemic/anti-hyperglycemic effects of the extract(s) of Gule-Neem on normal, glucose fed hyperglycemic, adrenaline induced hyperglycemic and alloxan induced diabetic rats. An attempt has also been made to find out the possible constituents responsible for the blood sugar lowering effect. The results were compared with gliclazide, a clinically used anti-diabetic drug.
MATERIALS AND METHODS

Plant material
The abortive flowers of Azadirachta indica were collected from the places under the trees growing in the campus of Jamia Hamdard, New Delhi, during the months of April -May. The plant material was further dried under shade in open air. The authenticity of the collected material was established by matching with the specimen available in the Pharmacognosy section of Ilmul-Advia department. The voucher specimen (GN -2000) has been deposited in the same section of the department.
Preparation of extracts (Harborne, 1973) The dried abortive flowers of Azadirachta indica (500 g) were exhaustively extracted with hot methanol four times. All the methanolic extracts were combined together. Recovery of solvent left a greenish viscous mass (44 g) and was coded as M. The extract M was taken up in water and filtered to give the water insoluble (W-INS) and water-soluble (W-S) fractions, which constituted approximately 12.68 g and 30.32 g respectively. The W-S fraction after re-dissolving in distilled water was successively subjected to liquid-liquid extraction with ethyl acetate and n-butanol. The ethyl acetate and nbutanol layers were dried separately over anhydrous sodium sulphate and filtered. The solvents (ethyl acetate and Butanol) were removed by distillation under reduced pressure to give LL-EA (2.150 g) and LL-B (12.930 g) respectively. The W-S fraction left after liquid-liquid extraction with ethyl acetate and butanol was evaporated to dryness to give LL-W (13.080 g). The LL-EA was fractionated into phenolics [LL-EA-P] and non-phenolics [LL-EA-NP) fractions by the following method.
LL-EA (1 g) was dissolved in ethyl alcohol. A solution of lead acetate (20% w/v) was added drop wise till complete precipitation of phenolic compounds took place. It was digested for few minutes on water bath to let the precipitate settle down and then filtered (filtrate coded as F). The precipitate was washed with some volume of ethanol, dried, powdered and suspended in alcohol. To it H 2 S gas was bubbled to decompose precipitate into PbS and phenolics. The black precipitate of PbS was removed by filtration and filtrate was concentrated under reduced pressure. It was subjected to vacuum distillation three times after adding fresh quantity of alcohol each time, to get rid of all the H 2 S gas. The residue thus obtained was coded as LL-EA-P (0.250 g). The lead acetate present in the filtrate (F) was removed by passing H 2 S gas. The black precipitate of PbS was removed by filtration. The filtrate thus obtained was evaporated to dryness under reduced pressure to give non-phenolic fraction and was coded as LL-EA-NP (0.600 g). The amount 0.150 g could not be recovered. It may be due to irreversible adsorption of LL-EA on the surface of lead sulphide precipitate.
Animals
All the experiments were carried out in albino rats of Wistar strain (either sex) obtained from Central Animal House of the university. Animals described as fasted were deprived of food for at least 16 h but allowed free access to water. Carboxymethylcellulose (CMC 1% w/v) in distilled water was used as vehicle for dosing in all the experiments. Three males and three females were taken in each group in entire the study. Gliclazide (50 mg/kg) was used as reference drug (Sha et al., 2006) .
Experimental procedure
Effect of the methanolic extract (M) and its different fractions (W-INS, W-S, LL-EA, LL-B, LL-W, LL-EA-P, and LL-EA-NP) on adrenaline induced hyperglycemic rats.
In experiment A, the albino rats (130 -150 g) fasted overnight were classified into three groups of six animals each. Group-I was fed with vehicle (CMC 1% w/v in distilled water) in a volume of 10 ml/kg. The methanolic extract (M) in the dose of 1000 mg/kg (random dose) and the reference drug gliclazide (50 mg/kg) suspended in the vehicle were administered p.o. in a volume of 10 ml/kg to II and III groups respectively. Adrenaline hydrochloride (0.5 mg/kg) was administered, i.p. to all the rats 30 min after dosing (Chattopadhyay et al., 1987) . Blood samples were collected from retro-orbital plexus just prior to and at 30, 60 and 90 min after the administration of adrenaline hydrochloride and blood glucose levels were measured (Table 1 , Expt-A).
The same protocol was adopted for experiment B, C and D. In experiment-B the animals of two different groups were treated with W-INS (1,000 mg/kg a random dose) and W-S (1,000 mg/kg a random dose) respectively. In experiment-C, the animals of three different groups were treated with LL-EA (77 mg/kg), LL-B (259 mg/kg) and LL-W (264 mg/kg) respectively. In experiment-D the animals of two different groups were pre-treated with LL-EA-P (77 mg/kg) and LL-EA-NP (77 mg/ kg) respectively. Each experiment (B, C and D) had its own control (vehicle, 10ml/kg) and standard (gliclazide, 50 mg/kg) groups (Table 1 , Expt-B, C and D).
Effect of W-INS, W-S, LL-EA, LL-B, and LL-W in glucose fed hyperglycaemic rats.
In experiment-A, the fasted rats were divided into four groups of six animals each. Group-I served as control, received vehicle (1% CMC in distilled water, 10 ml/kg, p.o.). A dose of (50 mg/kg) of gliclazide, W-INS, and W-S (1,000 mg/kg each) suspended in vehicle in volume of 10ml/kg were administered to the animals of II, III and IV groups respectively. All the animals were given glucose (3 g/kg, p.o.) 30 min after dosing (Chattopadhyay et al., 1987) . Blood samples were collected from the retro-orbital plexus just prior to and 30, 60, and 90 min after the glucose loading and the glucose (Table 1 , Expt-A). The same protocol was adopted for experiment B and C. In each set of experiment, the vehicle, and reference drug, gliclazide, were administered to two different groups in similar quantities as mentioned above. In experiment B, three different groups were pretreated with LL-EA (77 mg/kg), LL-B (259 mg/kg) and LL-W (264 mg/kg) respectively (Table 2 , Expt-B) while in experiment-C three different groups received same fractions in three folds (Table 2 , Expt-C).
Effect of W-INS and W-S on blood glucose levels in normal fasted rats
Fasted rats were divided into four groups of six animals each. Group-I received only vehicle (1% CMC in distilled water, 10 ml/kg, p.o.) and served as control. Group-II was administered gliclazide (50 mg/kg, p.o.) suspended in the vehicle. The test drugs W-INS (1,000 mg/kg) and W-S (1,000 mg/ kg) suspended in the vehicle were given orally to the animals of group-III and IV respectively. Blood samples were collected from the retro-orbital plexus just prior to and at 1, 2 and 3 h after dosing to measure the blood glucose level (Table 3) .
Induction of experimental diabetes by alloxan monohydrate
Rats were made diabetic by giving a single intraperitoneal injection of freshly dissolved alloxan Values are expressed as mean ± S.E.M. (n = 6). Statistically significant difference with respect to the vehicle * P < 0.001. Values are expressed as mean ± S.E.M. (n = 6). Statistically significant difference with respect to the vehicle * P < 0.001. monohydrate 10% (w/v) in normal saline in a dose of 200 mg/kg (Dixit et al., 1986) . At 72 h after the injection of alloxan monohydrate, fasting glucose was measured to identify the diabetic rats. Animals that did not develop hyperglycaemia (40%) were rejected. Diabetic rats were classified into two group i.e. mild diabetic (fasting blood glucose level less than 300 mg/dl) and severe diabetic (fasting blood glucose level more than 400 mg/dl).
Effect of the W-S on blood glucose level in alloxan induced mild diabetic rats Mild diabetic rats were classified into three groups of six animals each. Group I: Animals were administered only vehicles (10 ml/kg) and served as control. Group II: Animals were administered reference drug i.e. gliclazide (50 mg/kg) suspended in vehicle. Group III: Animals were administered W-S (1,000 mg/kg) dissolved in vehicle.
Blood samples were collected for the estimation of glucose concentration just prior to and at 1 and 2 h after dosing (Table 4) .
Effect of the W-S on blood glucose levels in alloxan induced severe diabetic rats Severe diabetic rats were divided into three groups of six rats each. The vehicle, reference drug (gliclazide) and the test drug (W-S) were administered to group I, II, and III respectively in similar quantities as mentioned in the above experiment. Blood samples were taken before the dosing and at 1 h and 2 h thereafter (Table 5 ).
Blood sugar estimation
The blood sugar estimation was done by Dubowski's method (1962) .
Statistical analysis
Statistical significance was assessed by student' ttest.
RESULTS AND DISCUSSION
It is known that adrenaline increases the blood sugar level by enhancing hepatic glycogenolysis and by reducing the uptake of glucose by peripheral tissues. In the present investigation, a significant inhibition was observed in the rise of blood glucose concentration on administration of the methanolic extract (1,000 mg/kg, a random dose) in adrenaline induced hyperglycemic rats at 30 and 60 min (Table  1 , Expt-A). The methanolic extract was resolved into water-soluble (W-S) and water insoluble (W-INS) fractions. W-S and W-INS in the dose of 1,000 Values are expressed as mean ± S.E.M. (n = 6). Statistically significant difference with respect to the vehicle * P < 0.001. Values are expressed as mean ± S.E.M. (n = 6).
mg/kg each (random dose) have also been investigated for sugar-lowering effect in adrenaline induced hyperglycemic rats. Results indicated that the water-soluble methanolic extract (W-S) exerted significant inhibitory effect at 30, 60, and 90 min respectively. But the water insoluble methanolic extract (W-INS) failed to inhibit the increase in blood sugar level in adrenaline induced hyperglycemic rats (Table 1 , Expt-B).
Effects of oral administration of the W-S and W-INS (1000 mg/kg in each) have also been investigated in glucose fed hyperglycemic rats. The W-S significantly prevented the rise in blood glucsoe level only at 30 min, but W-INS did not inhibit the elevation of blood sugar level (Table 2 , Expt-A).
Alloxan, a substance structurally related to uric acid induces diabetes by destroying β-cells and impairing the renal function. In the present study, rats were made diabetic by giving a single i.p. injection of alloxan monohydrate and classified into mild and severe diabetics. The WS did not produce hypoglycemia neither in mild (Table 4) nor in severe diabetic rats (Table 5) . On the other hand gliclazide showed significant anti-hyperglycemic effect in mild diabetic rats but did not bring down the blood glucose level of severe diabetic rats. W-S was found failed to produce hypoglycemia in fasted normal rats also (Table 3) . It is well known that clinically used sulphonylurea drug (gliclazide etc.) produce hypoglycemia by stimulating insulin release from pancreatic β-cells in normal subjects as well as in diabetics. But they remain ineffective in totally insulin deficient patients. Considering these factors together, it appears that the W-S probably failed to stimulate the b-cells to release insulin.
As discussed above, the WS was found to possess anti-hyperglycemic activity only in adrenaline treated or glucose fed hyperglycemic rats. At the present juncture it is not possible to pinpoint the exact mechanism of anti-hyperglycemic action of the WS. However, based on the earlier reports some suggestions can be made for its possible mechanism. It has been reported that water soluble portion of the alcoholic extract of Azadirachta indica leaves possess significant blood glucose lowering effect in glucose fed and adrenaline induced hyperglycemic rats but failed to possess such type of effect in normal and streptozotocin induced diabetic rats (Chattopadhyay et al., 1987) . These findings in leaves are very similar to our findings in flowers. In another report Chattopadhyay et al. (1993a) established that water-soluble portion of the alcoholic extract of Azadirachta indica leaves possesses anti-serotonin activity. Serotonin has been reported to have inhibitory effect on insulin release especially cAMP mediated insulin release in response to adrenaline injection or glucose load (Feldman et al., 1972) . Recently, the effect of water-soluble portion of the alcoholic extract of Azadirachta indica leaves has been studied on serotonin inhibition in glucose mediated insulin release in rat pancreas and has been reported that it blocks the inhibitory effect of serotonin significantly on insulin secretion, mediated by glucose (Chattopadhyay, 1999) . Thus it may reasonably be postulated that the test WS blocks the inhibitory action of the intracellular compartmentalized serotonin pool in pancreatic islet cells and thereby potentiate the insulin release, triggered off by adrenaline injection or glucose feed. But it needs further exploration.
W-S after redisolving in distilled water was partitioned by employing the polarity criterion with ethyl acetate and butanol successively. The fractions thus obtained were coded as LL-EA and LL-B respectively. W-S fraction remained after liquid-liquid extraction with ethyl acetate and butanol was coded as LL-W. All the fractions (LL-EA, LL-B, and LL-W) corresponding to l g dried W-S fraction were investigated for anti-hyperglycemic effects in adrenaline induced and glucose fed hyperglycemic rats to determine the fraction containing active constituent(s). In adrenaline treated rats, all the fractions (LL-EA, LL-B, and LL-W) prevented significantly the rise in blood glucose concentration but the effect of LL-EA was more pronounced. The LL-EA remained effective until the end of the studies at the 90 min (Table 1 , Expt-C).
LL-EA gave blue-greenish colouration with alcoholic FeCl 3 solution and magenta colour with Mg-HCl indicating the presence of phenolic/ flavonoid compounds. LL-EA was fractionated into phenolic (LL-EA-P) and non-phenolic (LL-EA-NP) fraction by precipitating with lead acetate and then decomposing the lead complex by H 2 S gas. LL-EA-NP gave no coloration with alcoholic FeCl 3 . Both the fractions (LL-EA-P and LL-EA-NP) were tested in the same doses, chosen randomly, in adrenaline induced hyperglycemic rats. Both were found to be active. However, non-phenolic fraction (LL-EA-NP) showed greater activity (Table 1 , Expt-D). Thus, at present, it may be postulated that the phenolic and non-phenolic constituents present in LL-EA are collectively responsible for preventing the rise of blood sugar level in adrenaline induced hyperglycemic rats.
In glucose fed hyperglycemic rats, oral administration of W-S (1 g/kg) showed inhibition at 30 min (Table 2 , Expt-A) but its fractions (LL-EA, LL-B, LL-W) corresponding to 1g of W-S did not show anti-hyperglycemic effect (Table 2 , Expt-B). The reason behind this might be the distribution of the effective dose among LL-EA, LL-B and LL-W. The experiment was again conducted with these fractions (but the doses were given in three folds) in glucose fed hyperglycemic rats with a view to find out the fraction that contains active principle. The fraction LL-B and LL-W both prevented significantly the rise of blood glucose level but the effect of LL-W was more pronounced and remained same at 60 min (Table 2 , Expt-C).
The observations that LL-B and LL-W showed significant anti-hyperglycemic effects in glucose fed and adrenaline induced hyperglycemic rats and the finding that LL-EA showed significant anti-hyperglycemic effect only in adrenaline induced hyperglycemic rats led to the conclusion that flowers of Azadirachta indica contain atleast two different constituents responsible for the said activities.
At present we may conclude that flowers of Azadirachta indica, in totality, is effective in reducing the enhanced blood glucose level under our experimental conditions.
